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0 NE of the major aims of popu- lation genetics has been the 
study of genetic variability in natu- 
ral populations and the way in which 
this is maintained. Recent develop- 
ments in electrophoresis techniques 
have now made possible the study 
of genetic variability through the 
direct aaaay of proteins. The first 
systematic study of ::he amount 
of electrophorctically detactable ge- 
netic variation in natural populations 
was reported by Lewontin and Hubby 
( 1966 ) in Drosophda pseudoobscura. 
They estimated that 40 % of the loci 
2r-2 polymorphic and that on the 
average 12 % of the loci per indivi- 
dual are heterozygoua in North Ame- 
rican populations of the species. 
Similar estimates of heterozygosity 
have now been made for several 
species of Drosophila, Johnson et al. 
( 1966 ) ; Stone et al. ( 1968 a, b ) ; 
Lakovaara and Saura ( 1971 ) ; Rich- 
mond ( 1972 ) ; Ayala et al. ( 1972 ) 
and Ayala ( 1975 ). All these esti- 
mates indicate that the proportion 
of polymorphic loci in natural popu- 
lat ion~ may be much greater than 
was previously supposed. 
In the present investigation an 
attempt was made to study the main- 
tenance of amylase isczymc polymor- 
phism in some Japanese natural 
populations of D. virilis. Natural 
populations of D. uirilis at different 
localities and habitates were com- 
pared for amylase isozymes, in an 
attempt to clarify the' degree of 
polymorphism, amon; thcss Japanese 
natural populations of D. virilis. 
MATERIALS AND METHODS 
Sampling of flies : Drosophila 
virilis is widely distributed through- 
out Japan, but large populations 
ere fw-ind only at t*vo different habi- 
tats, lumbeqMt'.s on the sea coast 
'nd in beer factories situated near 
the big cities. This species is most 
abundant from June to early Novem- 
ber. 
The samples stxiied in the present 
investigation cov?r most of the dis- 
tribution range of D. v z d i s ,  in Japan. 
The 21 localities *twvoyed extended 
fiom Sapporo in Hokkaido to  Amagi 
i i  Kyushu, the south most main is- 
land ( Figure 1 ). Most of the sam- 
ples were obtained during the sum- 
mer of 1972. The earliest collections - "  
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were carried out in the summer of 
1970. 
If the samples from natural popu- 
lations exceeded 200 flies, they were 
examined electrophoretically. For 
smaller samples, iso-female lines 
were established and 5 - 10 flies 
from each line were analysed in 
the F, generation. Before electro- 
phoresis the flies were kept on a 
starch medium, containing soluble 
starch ( 30 g/1 ) in addition to yeast 
and sugar, for  8 - 10 days a s  sug- 
gested by Bahn ( 1967 1. 
Elecf'rophores!~ technique : AI- 
though Kikkawa ( 1963 ) used the 
~gar-gel electrophoresis to study 
the amylase isozymes in D. virilis, 
the use of agar or  agarose in the 
present study did not give satisfac- 
tory result-s for our purposes. In- 
stead, thin-layer acrylamide gel elec- 
trophoresis ( Ogita et al., 1966 ) was 
used throughout the present study 
with some modifications. 
The components of the polyacry- 
lamide medium used are as follow : 
Gel beffef 
Gel buffer ( pH 8.3 ) was pre- 
pared by dissolving 1.7 g of cii- 
ric acid and 6 g of Tris ( hyd- 
doxv methvl amino methane ) - - 
-, 
in 1 liter of distilled water. 
Electrode buffer 
Electrode buffer ( pH 6.5 ) was 
prepared by mixing 250ml of 
0.3 M K,_HPO.,, and 250ml of 
distilled water. 
Catalyst-monomer solution 
Solution A : Contains 9.5 g 
acrylamide, 0.5g BIS ( N, N' 
-methylane bisacrylamide ) dis- 
solved in 100ml of gel buffer. 
Solution B : Contains 1 ml of 
DMAPN ( dimethylamino pro- 
pionitrile ) in 100ml of distilled 
water. 
Solution C : Contains l00mg of 
ammonium persulfate in 100ml 
of distilled water. 
Working solution : The three 
solutions A. B and C are mixed 
in the ratio- 4 : 3 : 3. 
The working solution was prepared 
in vaccum, then poured on a glass 
plate with a plastic frame ( 160 x 
145 x 1 mm ) as a support for the 
medium. The plates were then cov- 
ered with a plastic plate and left 
overnight at room temperature. 
Before use the cover-plate was 
taken off and a gel layer of 1.0rnm 
in thickness was obtained. 
Flies were inc.ividually homogeniz- 
ed in a drop of distilled water ( 20 
ul ) .  The homogenates were obsorb- 
cd onto a small piece of filter paper 
( 2 x 4 mm ) .  The filter paper was 
placed on the o rg i r a l  line of the 
gel plates, and after 1 hour a t  4'C 
it was removed. Then the plate was 
connected to the buffer solution in 
electrode vessels with filter papers. 
After electrcphoresis ( electric field 
15.0 volts cm, 90 minutes a t  40c ,, 
the plates wore immersed in 1 ? 
soluble starch solution and incubat- 
ed for 2 hours c t  37OC. Next, they 
were immerced in 0.01 N I, -KI 
solution for 5 minues, then washed 
in running tq water for 10 minutes. 
The background wc.s stained a dark 
I-lui-h-violet, whilo the portion where 
zinylzise was present became trans- 
parent. 
Statistical analysis : A number of 
of workers have used or proposed 
measures to campzre different popu- 
laticns using gene frequency data 
for a number of loci. 
Recently Nei t 1971 , 1972 ) dc- 
fird the normalized identity of 
genes between populations, and then' 
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FIG. 1. Ma:.> of Japan showing the locations from which D. virilis were 
colIocLed, Lumberya.'d, * boor f~.ct.ory. 
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related it to the r,ccumulated nurn- 
bcr of gene differcncds per locus, 
which is now called Ã genetic distan- 
ce Ãˆ The genetic distance between 
two population, X and Y, is then 
defined as  : 
D = - 105 I 
e I 
where - I = j  / V J J  
j XY X Y  
- ( j  = Z x y , j  = Z x , j -  
XY i i  x i Y  
Z y  : x and y arc tHe frequences 
i i  i 
of the f th  allele in populations X 
and Y ). The value cf D is zero 
when the tyro populations have iden- 
tic$ gene frequencies for the locus 
examined. In this case, D measures 
the accumulated number of gene 
substitution per locus. 
RESULTS 
Detection of new variants : Kik- 
kawa ( 1963 ) r o w e d  the existence 
of two types of amylase isozyrnes 
( AmyF and Amy8 ) in Dromphila 
virilis. Thcy are c-llelic to each 
other and the locus controlling them 
appears to be located near the scar- 
let locus, i. e. a t  67.5~- on the fifth 
chromosome. In the present study, 
four new types of variants were 
scored while surveying natural popu- 
lations. Thcy are electrophoretically 
different from AmyF and AmyS, two 
(AmyIf+, AmyF++) are faster than, 
Amy= and two -8-, Amy* - ) 
are slower than AmyS. The zymog- 
ram presentee' in Figure 2 illustrates 
some of tho i e w  variant in addition 
to the c o m o n  plienotypes Amy*; 
AmyF A m y W m y S ,  and Amy^/ 
A@ heterozygob in. one of the 
catural populations. 
From the re~iiltS of the e x s r i -  
merits in wluch AmyF, Am@- fe- 
males were crc.-'sed with Am@, 
Amy8 or AmyFIAmyf males ( Fig. 
3 ), we concluded that A+- is the 
third allcle a t  the amylase locus of D. 
vdrilis provioualy located by Kikkawa 
( 1963 ). The other three new vcri- 
outs also seem to  be controlled by 
tEe sar-o loous. 
Since all these new variants are 
very rare in natural populations (al- 
vays less than 0.01), the frequencies 
of the four new variants were gather- 
ed together Ã§oihc alleles* in 
Table 1. Among these new variants 
AmyS- is the most frequent with 
tile liightst frcq~~ency of 0.0076 in 
Sakata-H populate or. 
Polymorphism in natural popula- 
twns : In Ta-ble 1 the gi notypes and 
the gene frequencies for Am@', 
Amy8 and other ~)lIcles are present- 
efi for 21 populaticr~s from the dif- 
ferent localities shown in P i r e  1. 
Since thera were no niai ked dlffc~en- 
ces batweeii years ( 1970 and 1972 ) 
in regard to gene frequencies, the 
total 11umTocr o f  fli.es were used to 
calculate gene frequencies for czch 
locality. Except for Fushiki (FK), 
the number of flie3 examined was 
more than 200. 
The gene freqr-cr ry estimates for 
~ I J F  and AmyS usually ranged 
between 0.68 to 0.55 and 0.32 to 0.45. 
respectively. The only exception 
refers to s-iinples collected from 
Kawasaki ( lumberyard habitat fat- 
ing the Pacific c a ~ C  ). In this loca- 
lity the frequency of Am@ ( 0.56 ) 
is significsntly higher than the usual 
range cf AmyS. The x- values for 
the deviation froin Hard-Weinberg 
equilibrium are not significant for 
-most of the localities tested, while 
it was significant for three popula- 
tions ( Kyoto, Chibr,, Kawlsaki ) . 
60 AMIRA Y. ABOU-YOUSSEF 
FIG. 2. A zynograme for one of the tested natural populations showing 
the frequent genotypes at the amylase locus Amy F /Am@, 
Amy F /AmyS and Am$ /Amy S in addition to some of the now 
rare variants. 
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FIG. 3 
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polymorphisms ( Kimura, I968 ) . 
The exact nature of the selective 
mechanisms for individual systems 
is not known, but some speculations 
ere in order. The widely held idea 
of heterotic selection is a possibility, 
the excess cf hetezwozygotes have 
been fouad in some populations, 
ci ther natural (Solander et al., 1969 ; 
Richmond and Powell, 1970 ) or ex- 
perime~tal ( Richardson and John- 
con, 1967; Rasnrison ct al., 1967 ). 
To reveal the nature of the me- 
c h t - m (  s ) responsible for the 
ndntenr-nce of amylase isozyme 
polymorphism in natural populations 
oZ D. virilis, further tests have been 
carried out. 
SUMMARY 
In the present study, attempts 
have bean made to clarify the deg- 
ree of polymorphism,~ a t  the amylase 
locus in D. VtnZis. The samples, 
surveyed in t i e  present study wore 
obtained from 21 localities which 
cover most of the distribution range 
of 23. virilis in Japan. By means of 
thin layer acrylamide gelectrophore- 
sis technique, four rare variants 
were detected in addition to the two 
frequent alleles, AmyS and A@, 
reported by Kikkawa ( 1963 ). They 
seem to be controlled by the same 
locus. Comparfsoiii of the genotype 
and the gene frequency among 21 
populations indicate that the gene 
frequencies a t  the amylase locus are 
nearly constant throughout all natural 
populations of D. vinlis in Japan, 
regardless of the type of habit& lum- 
beryard or beer factory. The Amyf 
allele is the most frequent ( about 
0.62 on the average ) and Amy8 is 
the next ( 0.38 ). The total frequen- 
cy of the four rare variants was 
never rcoro than 0.01, bein 0.00 in 
12 populations. Close similarities 
. - 
among populations are also shown 
by the genetic distance calculated 
according- to Nei ( 1972 ) . 
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